Abstract. The lead content in the flameless combustion flue gas for three types of cable was measured using inductively coupled plasma mass spectrometer (ICP-MS) under 5 different temperatures ranging 300~700°C, and the non-carcinogenic risk analysis model was employed to estimate human health risk under different physical activities. Experimental results showed that the lead concentration sorted order for three kinds of cable flue gas is ZR-YJV>YJV> ZR-RVV. With the rise in temperature the lead content in the cable smoke increases, and the lead content at 600~700°C is higher than that of the national standard. Non-carcinogenic risk analysis demonstrated that at 600~700°C the R f values of these three kinds of cables are at 1~100 level. But during extremely heavy physical activities, the R f values of YJV and ZR-YJV reached 106.05 and 120.49 levels at 700°C respectively, which are 100 times more than the risk limit and have a strong non-carcinogenic risk.
Introduction
Using of high-dose stabilize is important for static stability of cable. Lead salts are widely used as compound lead stabilizers in PVC cable materials due to their good thermal, light stability and heat resistance, with the amount added at 4~7 PHR. PVC cable industry has become a major disaster area of potential heavy metal pollution.
The release of a large amount of lead contained in the smoke gas coming from cable combustion may cause harm to people, Excessive levels of lead in the air can cause headaches, dizziness, insomnia, forgetfulness, confusion, joint pain, and stones and other symptoms, Especially for firefighters. Concentrations of lead in Three Cable Smokes at Different Temperatures were detected by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). At the same time, its non-carcinogenic risk was analyzed according to the American EPA 200.8 standard.
Materials and Methods

Materials and Instruments
4mm
2 flame-retardant XLPE insulated PVC sheathed cable (hereinafter referred to as ZR-YJV cable), 4mm 2 flame-retardant PVC insulated PVC protection A flexible cable (hereinafter referred to as ZR-RVV cable) and a 4mm 2 XLPE insulated PVC sheathed cable (hereinafter referred to as YJV cable).
Nitric acid (purity of pure grade, Sinopharm Chemical Reagent Co.Ltd.); lead standard solution (Beijing Nonferrous Metals Research Institute).
Thermo Fisher X series 2 inductively coupled plasma mass spectrometer, GGX-900 zeeman atomic absorption spectrophotometer, CPA225D electronic balance, ETT-2000 double air path atmospheric sampler. Material flameless combustion production platform. Ultra-fine glass fiber filter membrane (φ25mm*0.22μm).
Methods
Lead Standard Curves
According to the American EPA200.8 standard, the lead in the sample was tested by ICP-MS. The standard solution of heavy metal lead was prepared into a standard reserve solution of 10 μg/mL using 5% nitric acid. Then, after multiple dilutions and constant volume, 10 μg/L, 20 μg/L, 30 μg/L, 40 μg/L, 50 μg/L standard solution were obtained. The response value CPS (the ratio of the concentration of the liquid to be measured to the signal output by the instrument) is the ordinate and the concentration is the abscissa. The standard curve is drawn and the regression equation is obtained by statistical analysis (the correlation coefficient should be above 0.99).
Sample Collection and Processing
In the same smoke generation device and conditions as the online analysis of smoke, the sample containing the ultra-fine glass fiber filter (baked at 450° C for 30 min) is clamped to the flue gas discharge port. The collects of flue gas samples are collected for 20 minutes at a flow rate of 3 L/ min using atmospheric sampler. Blank sample is taken outside the indoor at the same time. The sample box is covered immediately and stored for testing.
Membrane samples will cut up put in centrifuge tube, Immerse the filter with 10.0 ml of 5% HNO 3 solution. After 70°C ultrasonic extraction, cooling and centrifugation, the supernatant is injected for detection.
ICP-MS Working Conditions
Power: 1200W; atomization gas flow rate: 1.0L/min; auxiliary gas flow rate: 0.92 L/min; plasma gas flow rate:14.5L/min; reaction gas (NH 3 ) flow rate: 0.6 mL/min; reaction gas (O 2 ) Flow rate: 1.0 mL/min; platinum sampling cone (1.1 mm)/platinum intercept cone (0.9 mm); resolution (10% peak height): 0.6 ~ 0.7 amu; detector mode: pulse/simulation; integration time: 100 ms; Injection speed: 1.0 mL/min; repeated measurement times: 3 times; analysis time: 5 min.
Calculation of Lead Concentration
Average concentration of lead in smoke: 
Non-carcinogenic Risk Assessment Model of Lead
Based on research by the US Environmental Protection Agency (EPA) Integrated Risk Information Database (IRIS) and the International Agency for Research on Cancer (IARC), Lead is a non-carcinogen [1] . Therefore, it is necessary to conduct non-cancer risk assessment of lead. 
Daily Average Exposure Dose
Non-carcinogenic Risk Assessment
In Equation 3&4, R fn : Non-carcinogenic risk of exposure of a human body to a pollutant, dimensionless; R f D: Reference dose of contaminant under certain exposure routes, mg/(kg•d); ADD: Daily average exposure dose of pollutants, mg/(kg•d).
According to US EPA, if R f <1, it indicates that there is no non-carcinogenic risk to human health; if R f >1, it indicates non-carcinogenic risk.
Combining the age structure of Chinese citizens and firefighters [2] , Select adults aged 18 to 44 were selected as evaluation targets. The exposure time was set as 1 hour/day, and the exposure duration was 27 years. The average values of life expectancy, weight and short-term respiration were selected according to the literature [3] . Other relevant parameters are shown in Table 1 and Table 2 . 
Lead Content Determination and Carcinogenic Risk Analysis Lead Content Determination and Results Analysis
The results of the lead standard curve measurement are shown in Table 3 . The linear equation is y=3154x+1833.1, the correlation coefficient R 2 =0.9993.It can be seen that the lead concentration in the range of 0~60 μg/L has a good linear relationship with the response value CPS. The concentration of lead in the cable smoke is shown in Fig.1 . At 300°C ~ 500°C, the lead content in the combustion gas of the three cables are similar, which is lower than the maximum allowable emission concentration specified in the current comprehensive emission standard for atmospheric pollutants (GB16297-1996). At 600°C ~ 700°C, the lead contents of the three cable flue gas both are higher than the maximum emission concentration's YJV cable smoke has the highest lead content. Secondly, YJV. ZR-RVV is the lowest. The emissions at 700°C are 10.7, 9.5 and 2.7 times of the emission standards, respectively.
As can be seen from Figure 2 , the concentration of lead in the flue gas increases with increasing temperature. This indicates that the total amount of lead released during combustion increases with increasing temperature. The release rate of lead increases with temperature. This is because the higher the temperature, the faster the particle size of the reactant particles per unit time is reduced, so the lead element is released into the flue gas more quickly.
Analysis of the Non-carcinogenic Risk of Lead
Maximum acute exposure dose of the three cables under the most adverse conditions are shown in Table 4 . The most unfavorable conditions are the maximum lead release temperature, in a very heavy physical activity, exposed to the smoke environment for one hour. It is known that the minimum lethal dose of oral lead in humans is 5 mg/kg. In terms of the lead concentration of the ZR-YJV cable smoke with the highest concentration, 0.4241 mg/kg, it will take more than 10 hours of continuous dose accumulation to reach a dose level of 50 mg/kg. Also the actual LD 50 dose will be much greater than the oral LD 50 dose due to the respiratory inhalation dose used in the study, different from the oral dose of rats. R f values of non-carcinogenic health risk of lead under different physical activity are showed in table 5. Under the condition that the maximum release concentration of lead allowed is 0.7mg/m 3 in GB16297-1996, Health risk value R f between 1 and 10 for slight, moderate, Severe physical activity. The effect of lead on human health is not obvious. R f value of cancer health risk in more than 10 for Extremely heavy physical activity. It was significantly higher than the risk of cancer limit 1.
Between 300°C to 400°C, the non-carcinogenic health risk R f value of lead in the three cable flue gases is lower than 1, and has no health risk impact on the human body; At 500 °C, the R f value of YJV and ZR-RVV is between 0.1 and 1, and there is still no health risk. However, in the case of heavy physical strength and extremely heavy physical activity, the R f value of lead in the ZR-YJV cable flue gas has exceeded 1, and has begun to have health risks. Between 600°C to 700°C, the R f values of the three cables are between 1 and 100. Among them, the R f value of YJV and ZR-YJV at extremely heavy physical activity is above 100 at 700°C. It is 106.05 and 120.49, respectively, which is 100 times the risk limit. It indicates that the smoke begins to have a strong non-carcinogenic risk.
From the perspective of different physical activity activities, Most of the R f values of the three cable flue gases under slight physical activity can be maintained at 0.01~1, which has little or no impact on human health risk. However, in the actual fire, the data of slight physical activity is not match the actual situation, especially those people in a panic escape and firefighters in firefighting and rescue operations, Their corresponding physical activity should be higher.
Summary
1. The content of lead in cable flue gas increases with increasing temperature. The order of concentration of lead elements in the three types of cable flue gas is ZR-YJV > YJV > ZR-RVV. At 600°C ~ 700°C, the lead content in the flue gas is higher than the maximum allowable emission concentration of the national standard.
2. Between 600°C to 700°C, the R f values of the three cables are between 1 and 100. Among them, the R f value of YJV and ZR-YJV at extremely heavy physical activity is above 100 at 700°C. It is 106.05 and 120.49, respectively. It indicates that the smoke begins to have a strong non-carcinogenic risk.
